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Introduction

Imatinib and other tyrosine kinase inhibitors, although highly effective drugs for
treatment of CML are not curative and relapse occurs quickly after their discontinuation.
Since the leukemic cells in CML express various tumor antigens that are recognized by
the immune system, generation of an effective immune response has the potential to
eradicate leukemia and achieve cure. Relapse of CML can occur after allogeneic HCT,
necessitating the use of donor lymphocyte infusions with its attendant toxicity, especially
induction of severe GVHD. Thus better methods of augmenting allogeneic and
autologous immune response against CML are needed. Bone marrow infiltrating
lymphocytes (MILs) have been studied in tumors like breast cancer and have been shown
to be comprised of activated central and effector memory T-cells with a restricted T cell
receptor repertoire suggesting that these cells represent a specific immune response. No
data exists on the phenotype or function of MILs in patients with CML. This study was
aimed to characterize the phenotype MILs in CML as well as to study the ability of these
cells to suppress leukemic progenitor cell proliferation. We also evaluated the ability to
expand MILs for potential therapeutic application in future clinical trials.

Study Results

Bone marrow and peripheral blood samples from patients who had at least a minor
cytogenetic response to imatinib or nilotinib and in whom a diagnosis bone marrow
specimen was available were studied. Two patients were in accelerated phase and 4
patients were in chronic phase. We were unable to study patients who had undergone
allogeneic HSCT since this procedure is rarely performed nowadays with the advent of
tyrosine kinase inhibitors.

Task 1. Characterize the immunophenotype, T cell receptor VB repertoire of MILs.

Methods: Bone marrow mononuclear cells (BMNC) or peripheral blood mononuclear
cells (PBMC) was obtained by density gradient centrifugation of bone marrow aspirate or
peripheral blood respectively. BMNC and PBMC were stained with fluorochrome-
conjugated antibodies to CD3, CD4, CD8, CD45RA, CD45RO, CCR7, CD62L, CXCRA4,
CD25, and IFN-y (BD PharMingen, SanDiego, CA)and analyzed in a multicolor
Beckman Coulter FC500 flow cytometer using FCS Express software (Beckman Coulter,
Fullerton, CA). In the CD4 and CD8 T cell subsets, naive T cells were defined by their
coexpression of CD45RA and CD62L. Effector T cells are CD45RA+, CD62L-.Memory
cells were defined by their expression of CD45RO and absence of CD45RA. The central
memory subset expresses CCR7 and CD62L while the effector memory subset was
defined as CCR7-, CD62L-. Regulatory T cells were defined by their coexpression of
CD4 and CD25.



Results

CD8 T- cells comprised an average of 6 % (SD 6.6%) of (BMNC) and 8.4 % (SD 8%) of
PBMC. CD4 T-cells comprised 13.5 (SD 13.8) % of BMNC and 22.7% (SD 20.7) of
PBMC. The percentages of B-cells (CD19+), NK cells (CD56+) and total T-cells (CD3+)
is shown in Supplemental Table 1.

CD4 and CDS8 cells in the bone marrow and peripheral blood were subtyped into naive
and memory subsets based on their expression of CD45RA and CCR7 as described
above. In the bone marrow effector memory T-cells (CCR7-, CD45RA-) comprised a
mean of 93.3% of CD4 T-cells and 82.7% of CD8 T cells. The percentages of all
lymphocyte subsets in the bone marrow and peripheral blood are shown in Supplemental
Table 2. Therefore it can be concluded that effector memory T cells are the most
abundant subset of bone marrow T-cells similar to peripheral blood. VB repertoire of
MILs did not show any skewing.

Task 2. Expand MILs and determine the phenotype, T cell receptor VB repertoire of
expanded MILs.

Methods: BMNCs or PBMC were combined with anti-CD3/anti-CD28 beads (Dynal) at
3:1 bead-to-T cell ratios in AIM-V medium with 5% heat-inactivated human serum and
100 IU/mL IL-2 and cultured for 7-10 days in 24 well plates. The expanded MILs and
PBLs were analyzed by flow cytometry as described under Task 1 and also used for
colony suppression assays described below under Task 3.

Results

Expansion of bone marrow and peripheral blood T cells showed marked inter patient
variability and ranged from 5 to 15 fold for peripheral blood and 5 to 35 fold for bone
marrow. The phenotype of the expanded cells showed mean of 75% T cells (bone
marrow) and 74% T cells for peripheral blood. CD8 cells comprised 20.2% (SD 16%)
and CD4 cells comprised 27% (SD 15%) of expanded bone marrow T cells while the
CD8 and CD4 percentages for expanded peripheral blood lymphocytes (PBL) were 27%
(SD 14.4) and 26% (SD 21) respectively. Subset analysis of CD4 and CD8 T cells again
showed a preponderance of effector memory CD4 and CD8 T cells similar to the
preexpansion specimens (Supplemental Table 2 and Supplemental Figure 1). The
expanded MILs and PBLs had high expression of CXCR4 suggestive of their potential to
home to the bone marrow. (Figure 2)VB analysis of expanded MILs and PBLs failed to
reveal any skewing. The absolute cell counts and subset analysis is shown in
Supplemental Tables 1 and 2.
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Figure 1. Expansion of peripheral blood (PB) and bone marrow (BM) T cells using
CD3/CD38 magnetic beads
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Figure 2. Phenotype of expanded MILs shows high expression of CXCR4 in the total T
cells (left panel) as well as in effector memory cells (right panel) from a representative
patient

Task 3. Determine antileukemic activity of expanded and activated MILs

Methods: BMNC obtained at diagnosis were cocultured with expanded MILs at varying
effector: target ratios for 24 to 72 hours, in the presence of 20 IU/mL of IL-2 and low
levels of growth factors (SCF and GM-CSF). Cells were washed and replated in
methylcellulose for progenitor assays in presence of EPO, IL-3, SCF, G-CSF and GM-
CSF for 14-18 days and assessed for CFU-GM and BFU-E colonies. CFC growth from
BMNC cocultured with MILs were compared with controls incubated with PBL, and the
percentage suppression in progenitor growth was calculated.

Cytotoxicity assay was performed in 2 patients by incubating Ph + CD34+ progenitors
isolated from diagnosis specimen with expanded MILs or PBLs overnight. Degranulated
CDS8 cells that recognized leukemic cells were identified by surface staining with CD8
and CD107 antibodies.

Results

Both expanded MILs and PBLs were capable of suppressing growth of CML progenitors
in a dose dependednt fashion in 4 of 5 patients tested, No significant difference in the
percentage of growth inhibition was noted between expanded MILs and PBLs. The
More pronounced growth suppression was noted for patients in chronic phase compared
to patients in accelerated phase. The percentage of normal versus PH+ cells in the
colonies varied depending on disease phase with normal cells predominating in patients
in chronic phase as opposed to predominance of Ph+ cells in patients with accelerated
phase disease. The results of colony suppression assays for 5 patients are shown in
Supplemental Figure 2 and FISH results are shown in Supplemental Figure 3.
Cytotoxicity of expanded bone marrow or peripheral blood CDS8 cells against CD34+
CML progenitors was not seen in the 2 patients tested (data not shown). Data from 2
representative patients is shown below.
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Key Research accomplishments

e We have determined that memory T cells are the predominant T cell population in
the bone marrow of patients with CML who are on tyrosine kinase inhibitor
therapy

e Bone marrow-derived and peripheral blood derived T-cells can be effectively
expanded in some patients with CD3/CD28 magnetic beads without alteration of
their phenotype

¢ Expanded bone marrow and peripheral blood T cells are capable of suppressing
the growth of leukemic progenitors in vitro and may have potential for cellular
immunotherapy.

Reportable Outcomes

Pullarkat V, Cuya S, Koenig H, Bhatia R. Bone marrow and peripheral blood T cells
expanded with CD3/CD28 magnetic beads are capable of suppressing CML progenitor
cell growth. Manuscript in preparation for submission to Cancer Immunology and
Immunotherapy

Conclusion

The bone marrow of CML patients on tyrosine kinase inhibitors predominantly
contains effector memory subset of CD4 and CD8 T cells. These cells can be expanded
with CD3/CD28 magnetic beads without change in phenotype. These cells have high
expression of the bone marrow homing receptor CXCR4 and would be expected to home
to the bone marrow after intravenous administration. These expanded T cells were
capable of suppressing the growth of CML progenitors in a dose dependent manner.
These activated bone marrow or peripheral blood T cells could have therapeutic
implications as a cell based vaccine for eradication of minimal residual disease in CML

Several aspects of this needs to project however needs to be further developed.
We were unable to demonstrate that bone marrow was enriched in CML-specific cells
and CD8 dependent cytotoxicity towards CML progenitors could not be demonstrated.
This suggests that CML-specific CD4 or CD8 cells are infrequent in the marrow and need
to be expamded specifically. We were limited by the quantity of bone marrow and
peripheral blood collected at diagnosis. We are collecting samples from newly diagnosed
patients and generating monocyte derived dendritic cells from these diagnosis blood
specimens in an attempt to use these dendritic cells to selectively expand leukemia
specific T cells from blood and bone marrow. We are also evaluating the ability of anti
CTLA-4 antibodies to augment expansion of bone marrow and peripheral blood T cells.
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(Cell 1st patient | 2nd patient | 3rd patient | 4th patient Sth patient 6th patient
CML-BM | CML-BM | CML-BM | CML-BM | CML-BM | CML-BM
8/9/2006 6/21/2006 6/28/2006 892006 | -~ = | 1/14/2008
PRE PRE PRE PRE
CD3 5.79 67.83 4.27 NA
CDSB 2.52 18.49 0.98 6.5
Cp4 | 166 2342 | 228 | . 1652
cpss [ 105 [ 227 | 189 | 567 | 159 | 599
cp19 [ 094 | 621 | 026 | 661 | 026 | 2668
CD45 787 | 100 | 556 | 4145 | 556 NA

1 2 3 4 5 6

[Cell

[Cell

CD3B 10,58
CD4 38,53 '

- 13.23

[Cell




MEAN

STDEV

22.828

27.78503

6.031667

6.622291

13.49333

13.80709

6.431667

8.261715

6.826667

10.15359

32.088

40.90742

MEAN

STDEV

74.974

13.47014

20.21167

15.99756

27.10667

14.59687

2.226667

1.002989

12.09667

21.91857

83.012

16.92185

MEAN

STDEV

30.734

31.07144

8.361667

8.024548

22.705

20.69022

10.76667

9.887808

3.035

3.029619

44.44

43.42588

MEAN

STDEV

73.898

10.86411

27.085

14.43234

26.28

21.04858

5.036667

2.612299

18.68333

29.12204

89.162

10.91668

Supplemental Figure 1
Absolute numbers of lymphocyte subsets in bone marrow (CML-BM)



1and peripheral blood (CML-PB) before (PRE) and after expansion with CD3/CD28 beads



1st patient | 2nd patient } 3rd patient | 4th patient | Sth patient | 6th patient
SUB PRE BM BM BM BM BM BM

CD4 RA+ 7+ .00%
CD4 RA+ 7- 0.17% | 0.11% 39.56%
CD4 RA- 7- 99.66% | 99.86% 99.98%
CD4 RA- 7+ 0.02% | 0.00%
CD8 RA+ 7+ {1 020% | 000% - 0.00%
CD8 RA+ 7-
CDS RA-7- 99.85% | 32.68%
CDS8 RA- 7+ 57.80% ] 007% ] 005% | 0.00% |

POST
CD4 RA+ 7+
CD4 RA+ 7-
CD4 RA- 7-
CD4 RA- 7+
CD8 RA+ 7+
CD8 RA+ 7-
CD8 RA- 7-
CD8 RA- 7+

PRE PB PB PB
CD4 RA+ 7+ 00% | 0.00% | 25.15%
CD4 RA+ 7- T 004% | 000% | 000% | T 027%
CD4 RA- 7- 6 | 5568% | 100.00% 565%
CD4 RA- 7+ | 4426% | 0.00% 68.92%
CDS8 RA+ 7+ 0.03% .00% 005% | 0.00% 32.58%
CD8 RA+7- 001% | 000% | 000% | 0.00% |
CD8 RA-7-
CD8 RA- 7+ 086% [ 011% | 086% |

POST
CD4 RA+ 7+
CD4 RA+7-
CD4 RA- 7-
CD4 RA- 7+
CD8 RA+ 7+
CD8 RA+ 7-
CD8 RA- 7-

CD8 RA- 7+




MEAN STDEV
0.01% 8.3666E-05
6.66% 0.16119382
93.30% [ 0.16098441
0.04% 0.00064936
1.60% 0.03780993
6.09% 0.14721679
82.656% | 0.28398824
9.66% 0.23582888
MEAN STDEV
0.44% 0.01068802
0.18% 0.00427103
85.20% | 0.3588259
14.10% [0.34386773
0.09% 0.00206632
0.00% 0
85.92% | 0.34091337
14.00% | 0.33883961
MEAN STDEV
4.20% 0.10265815
0.06% 0.00105151
76.87% |0.39127549
18.88% | 0.30236809
5.45% 0.13290947
0.04% 0.00060222
71.71% | 0.43640682
22.81% [0.34746171
MEAN STDEV
0.35% 0.00834546
0.04% 0.00070333
84.02% | 0.39003255
15.60% | 0.38099388
0.70% 0.01677924
0.00% 5.164E-05
83.99% |0.39113483
15.32% [ 0.37440472

Supplemental Table 2

Bone marrow (BM) and periphera

blood CD4 and CD8 T cell subsets before (PRE) and
after expansion (POST)



